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Abstract 
With the recent advances in computer-aided technologies and their breach into the medical field, there can be seen more 
and more successful outcomes, especially in the files of reconstructive prosthetic surgery. With the application of 
advanced tools for reconstruction of complex shape such as human anatomy, it allowed accurate and fast design of 
complex implants as a substitution for deformed or damaged regions in the field of maxillofacial surgery. Design, in 
compliance with application of additive manufacturing (AM) technologies, is starting to gain more recognition as a tool 
for fast and accurate delivery of patient-specific 3D implants. This paper present a case study where such 3D technologies 
are used to design and fabricate a patient-specific mandibular implant. Tools for design of complex anatomical surfaces, 
such as mandible are presented and demonstrated in this paper. As the verification stage, AM technologies are used for 
visual inspection and surgical procedure planning of the designed 3D model of the mandibular implant. 
Keywords 
computer-aided modeling, design, mandibular implant, additive manufacturing (AM) technologies 
Introduction 
Different types of trauma concerning damaged or 
completely lost organs or tissues are mostly related to 
different types of diseased and benign or malignant 
tumors. As such, they present one of the biggest health 
problems in the world today and affect a large number 
of people [1]. In order to face those problems, and with 
the advancements of three-dimensional (3D) technol-
ogies and their implementation in the medical field, 
a new era of computer-aided implants has emerged. 
Implants present medical devices designed to replace the 
missing biological structure, to play the role of the 
backbone of the damaged structure, or to improve the 
already existing biological structure. For many years, 
implants have been used in medicine, and thanks to the 
technologies of reverse engineering (RE) design and 
additive manufacturing (AM) technologies, their appli-
cation has been raised to a higher level. In order to be 
able to use the medical implants up to their full 
capabilities, they are being made out of biocompatible 
materials, and thus are able to replicate the role of the 
missing structure inside the patient. Today, titanium 
alloys are commonly used as a material for fabrication 
of temporary or permanent implants [1]. Permanent 
implants are replacing parts of the body and should 
perform their function throughout the life of the patient 
[2]. 
Defects of the lower jaw (mandible), caused by 
tumors, injuries or infections, can lead to serious 
deformities or difficulties in chewing food. Such defects 
significantly affects the quality of life of patients where 
speech impairment and facial aesthetics are often 
severely compromised [3]. Mandibular reconstruction 
represents a major challenge, from both the engineering 
and medical aspect. From a medical aspect it poses 
a challenge for a number of reasons, such as compli-
cated geometry of the mandible or muscles attached to 
the mandible which act in different directions, form and 
position [4]. Various materials and bone grafts have 
been used in surgery so far and had different outcomes 
[3]. However, using conventional methods, it is difficult 
to achieve satisfactory results, both aesthetically and in 
a functional sense. And with the fast growing implemen-
tation of 3D tools in the medical field, such challenges 
are reduced and further improvements have been made 
[2, 4–6]. Many authors have dealt with design and 
fabrication of different types of implants over the years, 
where several factors were investigated and one of them 
is accuracy of such designed and fabricated implants and 
its impact on the manufactured implant [7]. Other 
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authors based their design on mirror-based reconstruc-
tion [8], or by application of engineering software for 
parametric modeling of implants [9]. 
Anatomical structures present a major challenge to 
replicate due to their complexity regarding their shape 
and role inside the human body. Given the geometric 
complexity of human anatomy, application of advanced 
3D tools for RE design, represents a very important tool 
in the fields of medicine and dentistry, both for 
diagnostic and reparative, as well as for therapeutic 
purposes [10]. The 3D CAD (computer-aided design) 
model has become very important in biomedical 
engineering, and with the help of computer aided 
manufacturing (CAM)/AM technologies for production, 
it is possible to produce physical anatomical models that 
have diagnostic, therapeutic and rehabilitative medical 
applications [10]. Using patient or biomedical data to 
reconstruct 3D models of anatomical structures can 
contribute to the development of various medical 
devices, applications and biomedical research. The 
requirements for the accuracy of the RE design depends 
on the application of the object itself. For personalized 
cranio-maxillofacial implants, biomodels and training 
models, the accuracy does not have to be as high as it 
should be in industrial reverse engineering [11]. 
However, for surgical tools and functional implants such 
as spine, knee or knee implants, the requirements for 
accuracy are very high [10, 12]. AM has helped to 
achieve several significant achievements in the field of 
medicine, especially for fabrication of custom-made 
implants [4–7, 12–14]. The use of AM has enabled the 
use of 3D models for making operational plans and 
simulations, and these 3D models, with great accuracy, 
represent the anatomy of the patient [5, 7, 10, 12, 13]. 
Also, AM is used to produce patient-specific implants 
designed for individual patients in medical fields, such 
as cranio-maxillofacial surgery [12] or oral surgery for 
production of bone grafts [15]. Although these AM 
technologies have been in existence for several decades, 
they have been implemented more intensively over the 
last decade in the field of biomedical engineering [5, 7, 
10, 12]. 
This paper presents a case study in which a design 
solution is proposed for the reconstruction of the 
mandibular defect. 
Methods 
The development of a patient-specific implant for the 
maxillofacial defect is based on 3D model reconstruc-
tion in 3D-DOCTOR software from medical 3D image 
dataset, as well as parametric modeling of mandibular 
implant in Solidworks software. Using the Wanhao 
Duplicator i3 plus 3D printer, an implant prototype is 
provided, which will serve to analyze its functionality, 
but also to plan surgical procedure. 
The first step in the development of mandibular 
implant is the 3D reconstruction of defect area, ie. the 
mandible. Computed tomography (CT) images in 
DICOM (Digital imaging and communications in 
medicine) images are obtained and 3D model was 
reconstructed. The most crucial step in this process is to 
accurately segment the mandible. The segmentation was 
performed only on predefined 2D slices (15–152), and 
the reason for this is that the mandible was located 
within this range of 2D slices. When all 250 slides were 
segmented, the generated 3D model would consist of 
large number of polygons that would prolong recon-
struction time, but also make it more difficult for further 
work and manipulation with the 3D model. The 
segmentation parameters that were used for acquisition 
of surface 3D model were: minimum pixel intensity 
1458, and the maximum 4096. 
The reconstructed 3D model of the mandible is shown 
in Figure 1a, while extracted 3D model of the 
mandibular defect is shown in Figure 1b. After its 
reconstruction it was exported in binary STL format for 
the next step, which is design of the mandibular implant. 
a) b) 
 
Fig. 1: Showing a) reconstructed surface 3D model of 
the mandible and b) extracted 3D model of the mandi-
bular defect. 
After reconstruction of the 3D model the next step 
presents the computer-aided modeling of the appropriate 
implant. Before the modeling first step was to copy the 
healthy part of the mandible to the defect side by using 
mirror-based reconstruction approach (Figure 2). This 
step enabled a guidance during modeling of the mandi-
bular implant, in order to achieve high level of facial 
symmetry. 
Fig. 2: Mirror-based reconstruction approach for the 
design of the mandibular implant. 
After the initial mirroring of the healthy side of the 
mandible that will be used for guidance, modeling of 
mandibular defect can start (Figure 3a). In order to 
model the outer bonds of the mandibular implants, 3D 
curves were used as a guidance for the newly designed 
implant (Figure 3b). These 3D curves enabled the initial 
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a) b) c) 
   
Fig. 3: Design process of the mandibular implant a) initial mirror, b) guidance 3D curves and c) outer surface of the 
mandibular implant. 
a) b) c) 
   
d) 
 
Fig. 4: Modeling procedure of the mandibular implant showing a) hollowed shell by 1mm thickness, b) fixation support, 
c) perforated mandibular implant and d) mounted implant on the reconstruction site, fixed with 4 titanium screws.
contour (or shell) of the implant to be made. From there 
on the outer surface of the implant was created (Figure 
3c). This enabled engineers to reconstruct the initial 
shape of the implant, which follows the original trace of 
the other mirrored side of the mandible. The surface was 
then extended on the lower side by 1 mm in order to fill 
in the gap present there, but also to align the outer 
surface with the initially mirrored half. 
From here the initial surface was thickened to a value 
of 1 mm and then hollowed by a 1-mm thickness (Figure 
4a) and the required extensions were made that will 
support fixation of the implant to the mandible, as well 
as to the temporomandibular joint (TMJ) (Figure 4b). 
From there on, in order to reduce the weight of the 
structure, fifteen perforated holes of 1 mm in diameter 
on the outside and six 1-mm holes on the top side of the 
implant were added (Figure 4c) along with some final 
improvements, especially to the edges of the implant, as 
they remained very sharp. 
This initial version of the mandibular implant was also 
verified by the surgeon in order for it to comply with the 
required pre-conditions for successful surgical pro-
cedure. 
Figure 4d shows the mounted implant on the mandible 
and the TMJ fixed with four 2-mm titanium screws. 
Fabrication of mandibular implant 
3D printing is a method that uses 3D CAD data to 
produce 3D physical models. The principle of 3D 
printing is the use of 3D computer models for the 
reconstruction of the 3D physical model by adding 
layers of materials. With the additive fabrication, the 
machine reads data from the CAD model and 
successively adds layers of material, and in this way 
forms the physical model. The layers created make the 
final shape of the physical model. The main advantage 
of the additive fabrication is the ability to create almost 
every complex form [12]. After the development of the 
implant, FDM 3D printer equipped with polylactic acid 
(PLA) filament was used. The specifications of the 3D 
printer are shown in Table 1. 
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Table 1: Technical characteristics of FDM printer. 
Wanhao Duplicator i3 plus 
3D printer characteristics 
Filament type PLA 
Filament diameter (mm) 1.75 
Nozzle diameter (mm) 0.4 
Dimension of workspace (mm) 200×200×180 
X-Y positioning accuracy (μm) 12 
Z positioning accuracy (μm) 4 
Results 
Figure 5a shows the printed model of the mandibular 
implant on Wanhao duplicator i3 plus. After 3D 
printing, a mandibular implant was fixed on the patient’s 
mandible by total of 4 screws, two on the mandible, and 
two on the TMJ in order to position and fix the implant 
(Figure 5b). 
a) 
b) 
Fig. 5: 3D Printed models of a) mandibular implant and 
b) mandibular implant positioned and fixed on the
mandible and TMJ.
Conclusion 
This paper presents the application of RE design as 
well as AM technologies in the field of biomedical 
engineering. In this regard, a case study was realized in 
which the process of reconstruction of the 3D model of 
the mandible, as well as the design of the mandibular 
implant for reparation of defect was presented. 
The presented results confirm that the application of 
RE and AM technologies are becoming indispensable in 
the field of biomedical engineering for development of 
modern medical implants. Obtained results indicate that 
3D-DOCTOR and Solidworks present adequate tools 
that provide satisfactory results when modeling a 3D 
model of customized mandibular implant for 3D 
printing. Also, based on the printed 3D model of the 
mandible and the mandibular implant, it can be 
concluded that the presented approach provides a good 
way for the application of these 3D technologies, and 
that the applied 3D printer is adequate for this 
application and for further analysis of the mandibular 
reconstruction and surgical planning. 
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